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Has the changing nature of vascular surgery
adversely affected scholarly activity?
Spencer W. Galt, MD, Larry W. Kraiss, MD, and Mark R. Sarfati, MD, Salt Lake City, Utah
Objective: Because of reduced reimbursement and introduction of endovascular techniques into practice, vascular
surgeons have increased clinical commitments. Therefore we hypothesized that the scholarly productivity of vascular
surgeons has decreased.
Study design: An author-based Medline search was carried out for members of the Society for Vascular Surgery (SVS). The
search included the period from 1985 to 1989 (era 1) for members in 1990, and from 1995 to 1999 (era 2) for members
in 2000. Citations were assigned a type: basic science, clinical, case report, letter, or other; and a topic: cardiac, vascular,
endovascular, transplantation, or miscellaneous. The main outcome measures were the proportion of members who
published in each era and the rates of publication among authors.
Results: For era 1, 7069 citations were identified for 529 members, and for era 2, 6823 citations were identified for 615
members. Four hundred forty-two members were cited in era 1 (84%), compared with 443 (72%) in era 2 (P  .01). A
significantly smaller proportion of members published clinical research, case reports, and other publications, but not basic
science or letters. Excluding unpublished members, there was a median of 11 total publications per author in each era.
There were significant reductions in the proportion of members publishing papers related to cardiac (from 36% to 21%),
transplantation (8% to 4%), and miscellaneous (43% to 31%) topics, and a significant increase in papers related to
endovascular topics (from 19% to 28%) from era 1 to era 2. Moreover, there was a significant increase in median number
of vascular (from 5 to 8) and endovascular (1 to 2) papers per published member. Further, the proportion of vascular and
endovascular citations compared with total citations increased from 44% to 56% in era 1 and from 3% to 10% in era 2. On
a yearly basis, there was a steady decrease in the number of citations throughout era 2, whereas the number of citations
in era 1 was relatively constant.
Conclusions: Academic productivity was maintained for individual members who published across both eras, but a smaller
proportion of the SVS membership published in era 2. There was also a progressive reduction in the number of
publications during the 1990s. (J Vasc Surg 2003;38:1-6.)
Clinical practice, education, and research constitute the
foundation of academic surgery, but surgeons are finding it
increasingly difficult to engage in all three activities. There
are various reasons for this, but most agree that diminishing
reimbursement for clinical work is largely responsible.1-3 In
this regard, it is doubtful that any group of physicians has
been penalized more than vascular surgeons. To maintain
clinical revenues, vascular surgeons have had to dramati-
cally increase clinical productivity. Further, vascular sur-
geons face a second, unique challenge: to become trained
in endovascular techniques, a skill set with which most
vascular surgeons were only casually acquainted. Vascular
surgeons have responded by dedicating themselves to
learning endovascular techniques and incorporating them
into vascular surgery training programs, but the time and
effort required are substantial.
This demand for increased clinical productivity and
expanded educational requirements must exact a price. It
can be presumed that protected research time, especially for
junior faculty members, is progressively limited. Vascular
surgery residencies, 2 years in most programs, can scarcely
dedicate a full year to basic science research any longer;
endovascular training necessarily occupies a portion of the
traditional research year. This decreases the time for basic
research training for vascular surgery residents. Moreover,
some of the basic science research laboratories in vascular
surgery training programs relied on vascular surgery resi-
dents to maintain progress. When the vascular surgery
resident commits time to endovascular training, progress in
the laboratory lags. Because of the increased clinical de-
mand on vascular surgeons, we hypothesized that their
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scholarly productivity, especially in basic science investiga-
tion, has decreased.
METHODS
We evaluated the scholarly productivity of vascular
surgeons by tabulating the publication record of members
of the Society for Vascular Surgery (SVS). We chose SVS
because its members are selected, in part, on publication
record and are generally considered the most academically
accomplished vascular surgeons in North America. Using
the annual meeting programs for 1990 and 2000, we
performed an author-based search of PubMed (http://
www.ncbi.nlm.nih.gov/entrez/query.fcgi), administered
by the National Library of Medicine, which includes Med-
line citations. Only regular business members were in-
cluded; honorary and foreign corresponding members
were excluded. For members listed in the 1990 program we
searched from 1985 through 1989 (era 1); for members
listed in 2000 we searched from 1995 through 1999 (era
2).
Each member was assigned a unique identification
number. Searches that yielded citations were downloaded
onto a personal computer, and the abstract for each cita-
tion, if available, was reviewed. If no abstract was available
the full article was reviewed with electronic means or re-
trieval from the library. If a search yielded no citation, the
member was recorded as unpublished. Data collected for
each citation included member identification number,
membership status (senior vs active), and National Library
of Medicine Citation Identification number. We assigned
each article a publication type, which we established, in-
cluding basic science, clinical, case report, letter, or other
type. Basic science publications included those reporting
direct bench research or research in animal models; clinical
papers included prospective trials, retrospective reviews,
case series, and the like; case reports and letters are self-
explanatory; and other types included invited commentar-
ies, reviews, presidential addresses, reporting standards,
and any publications that did not fit into one of the types
listed.
We also assigned each citation a publication topic.
Vascular included all citations concerning the arterial, ve-
nous, and circulatory systems, exclusive of those compo-
nents intrinsic to the heart and intracranial vessels, but
excluded papers involving catheter-based technologies.
Endovascular included the same criteria as vascular, but
only if the publication involved catheter-based technolo-
gies. Papers were categorized as cardiac when the subject
matter involved structures intrinsic to the heart, including
transplantation, or the ascending aorta, or involved use of
full cardiopulmonary bypass. Transplantation included all
citations involving solid organ transplantation, excluding
the heart. Miscellaneous captured all topics that could not
be categorized in one of these topics, eg, esophageal sur-
gery and trauma.
We also collected information on grant support for the
citation. We used the Medline categories listed for the
citations: none, no grant support listed; non–US govern-
ment; and US government, non–public health service; and
US government, public health service. We also recorded
the journal in which the citation was published.
Data for each citation were recorded on individual data
sheets and entered into a database. The data were con-
verted to spreadsheet format and analyzed with the Statis-
tical Analysis Systems software package (SAS Institute,
Cary, NC). Proportional comparisons between groups
were evaluated with 2 analysis. Numbers of publications
among members were analyzed with the Wilcoxon rank-
sum test. Because multiple comparisons were made, P 
.01 was considered significant.
RESULTS
Five hundred twenty-nine members were listed in the
1990 SVS program (161 active, 368 senior) and 615 in the
2000 program (231 active, 384 senior). Active status mem-
bers constituted a significantly larger proportion of the
entire membership in era 2 (30% in era 1 vs 38% in era 2; P
 .01). In era 1 there were 7069 citations, compared with
6823 in era 2. In era 1, 442 members (84%) authored at
least 1 citation; 87 members were unpublished during that
period. In era 2, 443 members (72%) authored at least 1
citation; 172 members were unpublished. Therefore, while
a comparable number of members contributed to the liter-
ature during the two eras, a significantly smaller proportion
of the SVS membership published in era 2 (P  .001).
Fifty-six of the 461 members listed in both the 1990 and
2000 programs (12%) did not publish in either era.
Since there was an overall decrease in proportion of
members who authored papers in era 2 compared with era
1, we asked whether this was a uniform reduction for all
types of papers or whether there was a disproportionate
decrease in authorship of a specific paper type. The findings
are shown in Table I. There was a significant decrease in
proportion of SVS members who published clinical, case
reports, and other types of papers. There was also a decrease
in basic science publications and in letters, but this did not
Table I. Number of members and percent of total membership publishing each citation type
Basic science Clinical Case report Letter Other
n % n % n % n % n %
Era 1 221 42 389 74 264 50 110 21 345 65
Era 2 222 36 384 61 238 39 103 16 324 53
P .05 .0001 .0001 .08 .0001
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reach statistical significance. This analysis demonstrates that
the reduction in the proportion of members publishing
overall in era 2 compared with era 1 resulted from a
relatively consistent decrease of about 20% in proportion of
members publishing each type of paper.
After finding that a smaller proportion of the SVS
membership was academically productive, we asked if there
was any change in academic productivity among those who
did publish. First we examined overall publication rate. In
era 1 each of the 442 cited members published a median of
11 papers (range, 1-305); in era 2 the 443 cited members
also published a median of 11 papers each (range, 1-316).
Therefore there was no difference in overall publication rate
among those published between era 1 and era 2. When we
examined publication rate for the five different types of
papers, again there was no difference (Table II). For each
type of paper, the median number published over each
5-year period was unchanged. Therefore, although a
smaller proportion of SVS membership published papers in
era 2, those who did publish maintained equivalent schol-
arly productivity.
Next we examined proportion of each type of paper
contributing to the total number of publications for each
era. The results are summarized in Table III. The propor-
tion of papers categorized as basic science increased, albeit
not significantly, from 18% in era 1 to 20% in era 2.
Moreover, 107 of 221 members (48%) cited on a basic
science paper were active members in era 1, compared with
130 of 222 members (59%) in era 2 (P  .03). This
supports the notion that interest in basic science research
remains solid among a core constituency of the member-
ship. There was a significant decrease in proportion of case
reports, and an insignificant decrease in clinical papers. The
proportion of other types of papers increased marginally
from era 1 to era 2, but the difference was not significant.
During the 1990s there was an explosion of interest in
endovascular technologies among vascular surgeons. In
addition, while the SVS membership has historically in-
cluded members whose main clinical and scholarly interests
fell outside the contemporary training and practice of vas-
cular surgery, our impression in recent years is that fewer
members are publishing on topics other than vascular sur-
gery. To explore this, we categorized papers by topic to
determine whether there has indeed been a shift in interest
of the membership. We first examined the proportion of
members publishing papers on the defined topics, by era.
There was a significant decrease in proportion of members
publishing cardiac, transplantation, and miscellaneous
topic papers (Table IV). We suspect that this can be ac-
counted for in part by the overall decrease in proportion of
members published in era 2. There was a reduction in
proportion of members who published on vascular topics,
but it did not reach statistical significance, despite the
overall decrease in proportion of members publishing.
Moreover, there was a significant increase in proportion of
members authoring papers on endovascular topics. Fur-
ther, 75% of members publishing endovascular papers in
era 2 were active members, compared with 62% in era 1 (P
 .02). When we examined publication output on an
individual basis, the interest of individual members in vas-
cular topics is apparent. Among those published, there was
a significant increase in number of publications by individ-
Table II. Median (range) number of citations by published members for each citation type
Basic science Clinical Case report Letter Other
Era 1 3 (1-51) 6 (1-109) 2 (1-28) 1 (1-11) 3 (1-106)
Era 2 3 (1-59) 6 (1-67) 2 (1-15) 1 (1-12) 3 (1-167)
P .97 .99 .51 .90 .56
Table III. Number of citations and percent of total citations for each citation type
Basic science Clinical Case report Letter Other
n % n % n % n % n %
Era 1 1300 18 3375 48 636 9 181 3 1577 22
Era 2 1332 20 3140 46 532 8 183 3 1636 24
P .09 .04 .01 .65 .02
Table IV. Number of members and percent of total membership publishing each citation topic
Cardiac Vascular Endovascular Transplantation Miscellaneous
n % n % n % n % n %
Era 1 191 36 332 63 102 19 42 8 229 43
Era 2 131 21 346 56 172 28 22 4 189 31
P .0001 .03 .0005 .002 .0001
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ual members for papers on vascular and endovascular sur-
gery (Table V). There was a significant decrease in papers
on miscellaneous topics. Although not statistically signifi-
cant, it also appears that fewer cardiac papers are being
published among the membership. The median number of
transplantation papers decreased, but the overall output
was unchanged, largely due to a relatively small number of
members with voluminous numbers of publications.
Comparison of the proportion of papers for each topic
with total number of publications between eras demon-
strated further evidence of increased interest in vascular and
endovascular topics (Table VI). There was a significant
increase in the proportion of papers published on vascular
and endovascular topics; 56% of papers published in era 2
were vascular, compared with 44% in era 1. Similarly, 10%
of papers were endovascular in era 2, compared with 3% in
era 1. Concomitantly, there was a decrease in proportion of
cardiac, transplantation, and miscellaneous papers.
Finally, there were 246 fewer citations in era 2 than in
era 1 (7069 vs 6823). This may have been the result of
fewer citations overall, or it may simply have resulted from
fewer SVS members cited on an equivalent number of
unique publications. Therefore we evaluated total number
of citations and total number of unique publications on a
yearly basis. The number of member citations and the
number of unique publications were relatively stable over
the 5 years of era 1, with the greatest number identified in
1989 (Fig 1). In era 2 a different trend emerged. The
greatest number of citations and unique publications oc-
curred in 1995, with a steady decline over the ensuing 4
years (Fig 2). Therefore there appears to have been a real
decrease in number of papers published from 1995 to
1999.
DISCUSSION
Vascular surgeons have weathered some dramatic
changes over the last decade. Reimbursements fell precipi-
tously.3 Meanwhile, vascular surgeons were working to
acquire new knowledge and skills in endovascular surgery.
Because of these challenges, we hypothesized that the
scholarly productivity of vascular surgeons decreased from
the late 1980s to the late 1990s. We thought that this
decrease would be most striking for basic science research,
because of the unique time commitment required. It ap-
pears that we can largely reject our hypothesis, but a con-
cerning trend has emerged.
To investigate this, we studied publication records of
SVS members in the late 1980s and 1990s. We chose SVS
members because we assumed that these vascular surgeons
are the most academically productive. We found that the
SVS membership grew from 1990 to 2000 by approxi-
mately 15%. During that same period a significantly smaller
proportion of members published articles. Since member-
ship growth resulted almost exclusively from addition of
active status members (data not shown), it raises the ques-
tion of whether those who became SVS members between
1990 and 2000 were less productive than those who were
elected to the Society before 1990. In other words, have we
uncovered an unintended manifestation of relaxation of
entry criteria for SVS? Our data do not support this. In each
Fig 1. Total citations (black columns) and unique publications
(lined columns) by year, era 1.
Table V. Median (range) number of citations by published members for each citation
Cardiac Vascular Endovascular Transplantation Miscellaneous
Era 1 4 (1-72) 5 (1-46) 1 (1-13) 3 (1-257) 2 (1-57)
Era 2 3 (1-61) 8 (1-55) 2 (1-64) 2 (1-283) 2 (1-43)
P .32 .0021 .0012 .65 .008
Table VI. Number of citations and percent of total citations for each citation topic
Cardiac Vascular Endovascular Transplantation Miscellaneous
n % n % n % n % n %
Era 1 1946 28 3114 44 211 3 684 10 1114 16
Era 2 1099 16 3821 56 671 10 490 7 742 11
P .0001 .0001 .0001 .0001 .0001
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era, members who published were cited on a median of 11
publications. However, active status members elected to
SVS between 1990 and 2000 published a median of 14
papers each (P  NS). Moreover in era 1, 22% of senior
members (81 of 368) had no publications, compared with
39% (149 of 384) in era 2 (P  .0001). Three percent of
active members were unpublished in era 1 (5 of 161),
compared with 9% (20 of 231) in era 2 (P  .03). While
proportion of active members with no publications ap-
peared to increase, albeit not significantly, from era 1 to era
2, the number of unpublished senior members grew signif-
icantly from 1990 to 2000. In fact, the decrease in propor-
tion of the total membership published in the era 2 com-
pared with era 1 is accounted for almost entirely by the
dramatic increase in unpublished senior members in era 2.
Therefore we conclude that among the newly active, and
presumed youngest, members of SVS, academic productiv-
ity remains healthy. It was especially encouraging to find
that our anticipated reduction in basic science publications
did not materialize. Basic science productivity was main-
tained, as reflected by both individual output of publishing
members (median, 3 citations per member; Table II), and
proportion of the entire body of literature published by
SVS members (18%-20% of all citations; Table III).
Since relaxation of entry criteria into SVS does not seem
to have occurred and therefore could not result in the
decreased proportion of members who chose to publish in
era 2, what might have been the cause of this observation?
We hypothesized that economic pressures are primarily
responsible, and this may explain the dramatic decrease in
authorship by senior members of the Society. Perhaps
senior members assumed a disproportionate share of the
increased work load required to maintain fiscal integrity of
a group practice, enabling more junior faculty members
time for academic productivity. Or have senior members
sacrificed publishing to maintain a larger income to which
they may have become accustomed? Or perhaps they are
simply choosing to retire. Without specifically querying the
senior membership, it is impossible for us to know.
Other than economic pressures, are there other plausi-
ble explanations for our findings? We can only speculate.
For example, has available space for publication become
more limited? We think this unlikely. It is our impression
that there has been an increase, rather than a decrease, in
the number of journals published. Moreover, we believe
that clinical topics vascular surgeons have traditionally con-
sidered relatively exclusive to our realm, ie, abdominal
aortic aneurysm repair and carotid interventions, are in-
creasingly represented in journals that are primarily read by
specialists in other fields, especially cardiology. Basic sci-
ence investigation by vascular surgeons is often within the
broader field of vascular biology; the breadth of journals in
which these reports may be published is large, ranging from
general scientific journals to more specialized journals.
Overall, we think that lack of available space is an unlikely
reason for fewer members choosing to publish.
Perhaps with increasing time restraints there has been a
movement toward improved quality of publication, with
lesser volume? This also seems unlikely. Those members
who published did so at equivalent rates during the two
eras; if improved quality at the expense of quantity were the
goal, this would be a paradoxical outcome. Indeed, one
might argue that an equivalent number of papers in era 2
represents a real decrease in time and effort dedicated to
scholarly productivity, because technologic advances, such
as computerized databases, statistical packages, and com-
puterized word and slide processing, have eased the tech-
nical burden of writing a manuscript. This is an interesting
and perhaps plausible position, but we believe that, while
the mechanics of manuscript writing have eased, the review
process has become more rigorous. Inclusion of pertinent
controls, appropriate statistical analysis, and performance of
power calculations are, in our observations, the norm for
contemporary peer-reviewed publications. Such was not
always the case. Nevertheless, both of these arguments
address the quality of publications, a subject we intend to
address in the future.
By categorizing papers by topic, we discovered some
distinct changes between eras. Fewer members published
cardiac papers, transplantation papers, and miscellaneous
papers. Simultaneously, there was a dramatic increase in
number publications on endovascular topics. Moreover, for
individual authors there was a significant increase in num-
ber of citations for both vascular and endovascular topics.
Further, when examining total publication record for SVS
members, vascular and endovascular topics each repre-
sented a significantly larger proportion in era 2 compared
with era 1. We suspect that this reflects both the changing
interests of SVS members, who appear less likely to be
primarily cardiac or transplantation surgeons, and the in-
tense appeal of endovascular surgery. Moreover, it demon-
strates that clinical interest in endovascular surgery has
translated to scholarly productivity. This is encouraging,
because it supports credibility of vascular surgeons in an
arena in which they are not always welcome.
Fig 2. Total citations (black columns) and unique publications
(lined columns) by year, era 2.
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We are not the first to raise concern over the state of
academic surgery in general and vascular surgery in partic-
ular. In 1995 Barker1 was a member of a subcommittee
appointed by the Institute of Medicine charged to consider
surgical research. The committee concluded that research
in surgery was inadequate in both scope and quality. Barker
concluded that, because of pressures adversely affecting the
surgeon’s ability to do research (primarily financial), the
surgeon’s opportunity to do research would deteriorate.
Greisler2 struck a similar tone in his presidential address to
the Midwestern Vascular Society in 1997, in which he
stated, “The area of greatest threat to our research produc-
tivity, however, derives from the diminishing clinical reve-
nues by which medical institutions have traditionally cross-
subsidized research and educational activities.” The most
obvious and easily accomplished strategy for surgeons to
buffer decreasing clinical revenues is to increase clinical
service, but this appears to be the greatest risk factor for
hindering scholarly activity.4
Our data indicate that vascular surgeons have largely
responded to the challenge, despite an increasingly hostile
reimbursement environment. What has sustained research
productivity of vascular surgeons? Several explanations
seem credible. First, there is a tradition of research among
vascular surgeons. In his 1991 report on vascular fellow-
ships and laboratory research, Stanley5 noted that, as vas-
cular surgery emerged as a distinct clinical discipline, em-
phasis was placed on investigative research. At the time, a
majority of vascular surgery training programs included
bench research as an integral component. As the number of
programs increased through the 1990s, a pre–clinical re-
search year continued to be the norm, advancing the re-
search effort. Second, the leadership of the SVS and the
American Association for Vascular Surgery responded to
the need to optimize the availability of research funding to
vascular surgeons and to enable them to more effectively
compete for extramural funding. The combined Lifeline
Foundation and National Heart, Lung and Blood Institute
K08 training grant is directed specifically at vascular sur-
geons, and is a model for combining private and public
funds to provide significant support for young investiga-
tors.6 More recently, support for clinical research has be-
come available through the Lifeline Foundation, as well.
Berman et al7 found in 1995 that 74% of articles published
in surgical journals were not funded. It is possible that over
the more recent years vascular surgery research has been
increasingly supported with extramural grants, and we plan
to explore this in the future.
There is certainly a less favorable but equally conceiv-
able explanation for our findings—that we captured the
beginning of an emerging trend. We chose to examine
5-year periods to maximize sample size. We chose the late
1980s because they preceded institution of the resource-
based relative value scale (RBRVS) in 1992. We chose the
late 1990s for the second era because it followed institution
of the RBRVS and included, in part, effects of the Balance
Budget Act of 1997, with 9% reduction in the Medicare
conversion factor in 1998, all of which decreased reim-
bursement to vascular surgeons. However, the net effect of
these reductions in reimbursement may not have been fully
realized in the period we chose to study. The fewest num-
ber of citations and unique publications occurred in 1999,
followed by 1998 (Figs 1, 2). The full effect of budgetary
constraints may have just begun to emerge during those
years. Further data collection over the next several years will
clarify whether this pattern continues.
In conclusion, proportionally fewer SVS members were
academically productive from 1995 to 1999 compared with
1985 to 1989. Despite this, members who published pa-
pers in the late 1990s did so with equal productivity as their
colleagues in the late 1980s, although there was evidence in
1998 and 1999 that productivity was slipping. Interest of
the Society membership has shifted more toward vascular
and endovascular surgery and away from other surgical
disciplines.
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